The study aimed to evaluate co-benefits in term of GHG reduction, and avoided landfill costs by implementing a community-based management (CBM) program for municipal solid waste (MSW). Two towns of peri-urban settlement in Thailand were investigated in case studies to compare eco-performance between the towns with and without implementation of the CBM program. MSW mass flows together with MSW utilization records were analyzed based on data in year 2013. Climate co-benefits from waste utilization activities were examined. Results from the study indicated that waste banks in the CBM program can effectively divert most of recyclables from entering landfills. The performance of "waste bank-recyclable recovery program" recycling rate from the case study with CBM is 172.20 kg per member per year, which is about 926% higher than average CBMs with MSW recycling in Thailand, and the success of CBM can be attributed to its curbside pickup service and fair-pricing of recyclables. The study also found that if the town decided to divert wastes from landfilling, carbon intensity of the MSW system would be 0.47 tons of CO2-eq per ton of collected MSW. The landfilling cost would be approximately 7.41 USD per ton of MSW as landfilling cost. With CBM programs, current MSW reutilization rate has achieved 9.68% of generated waste, and 16.80% of GHG emission has been avoided, along
Introduction

Problems of Traditional MSW Management Practices
Over the last few decades, negative impacts of landfill has become one of the major causes of environmental quality deterioration, particularly of worsening of groundwater quality, poor air quality from emitted gases and noxious odors, and worsening climate change impact [1] [2] [3] . Not surprisingly, employing landfill has become a less preferred MSW management (MSWM) technique. Moreover, stakeholders who live around landfills often suffer from deteriorated aesthetic and living quality in their neighborhood [4] and depressed property value [5, 6] . The pressure of finding alternative means to handle MSW continues to challenge the capability of the MSWM system. Under the presence of urbanization, MSW generation rates have been found to accelerate along with increases of population size and wealth [7] . MSW composition has also changed according to various stages of urbanization. Generally, MSW composition in a less urbanized town tends to contain mostly food wastes while a more urbanized town tends to contain more diverse waste with a rising proportion of paper and plastic wastes [8] .
Promoting MSW separation and recycling has become one of approaches to reduce MSW landfilling. Many countries, e.g., Japan, South Korea and the USA, approach the rising MSW generation through mandating waste separation and charging a relatively higher fee for landfilling MSW as a deterrence of landfilling mixed and unsorted wastes. The strategies involve at-source waste separation of recyclables from the regular wastes to minimize relatively high MSW disposal fees. There are, however, cases of waste generators outsmarting the volume-based MSW pricing system by compacting their refuses to reduce disposal cost [9] . Also, some MSW generators illegally dispose their refuses on neglected spaces or in neighbors' trash containers [10, 11] . Hence, alternative modes to promote MSW separation may yield better results in term of recycling efficiency.
Thailand, like many other developing countries, is also facing problems of rising MSW generation. The trend continues to grow upward according to Thailand's Pollution Control Department [PCD] [12] . Daily MSW generation rates were found to be at 0.91 kg per capita in the smallest towns, classified by Thailand's Department of Local Administration where population size is lower than 5000, to 1.89 kg per capita in fully urbanized towns, classified by Thailand's Department of Local Administration where population size is higher than 50,000. Table 1 suggests that Thailand's MSW compositions are also similar to other developing countries whereby organic wastes are the dominating waste type in all town sizes. Plastic and paper, however, gain a higher share of the waste stream in more urbanized towns.
Public finances for MSWM often fail to provide and enforce incentives for MSW separation and recycling. From Table 2 , the majority of towns in Thailand still employ unsounded disposal methods as alternatives, i.e., open dumping or open burning. This is because of the benefits of having relatively lower out-of-pocket cost as compared to other more advanced MSWM methods [8] . Environmental impact assessment (EIA) for landfill construction in Thailand is not required [Notification of the Ministry of Natural Resources and Environment dated 24 April B.E. 2555 (2012)] while some MSWM technologies, e.g., incinerator with electricity generator with 10 MW, are required to conduct an EIA. Despite relatively more relaxed rules for landfill chartering, many landfills, however, often face strong oppositions from stakeholders. For example, in 2012, seven out of 121 sanitary landfills in Thailand were put on suspension or unable to be commenced due to protests and legal proceedings [12] . 
Greenhouse Gas (GHG) Emission and Climate Co-Benefits in MSWM
Landfilling MSW can worsen climate change mitigation due to GHG generation throughout the process of MSWM. GHG emissions, e.g., CO2, CH4, N2O, etc., are emitted from anaerobic and aerobic decomposition of organic wastes, i.e., food, leaf, paper, etc. [19] . GHG emissions also come from fossil fuel combustion in the MSW collection and treatment processes [20, 21] . Different methods of burying MSW can yield different levels of GHG emissions. Intergovernmental Panel on Climate Change [IPCC] [22] guideline suggests that the methane generating factor is 100% under deep-depth burying schemes (more than 10 m from surface) and 40% in shallow-depth burying schemes (less than 5 meter from surface). In general, landfilling of MSW without any pre-treatment or landfill gas recovery emits GHG approximately 1.00-1.70 tons of CO2-eq per ton of waste [23] [24] [25] . Flaring methane may not be a complete solution as a significant percentage of fugitive methane is still released [3, 26] . Method of waste collection and handling of waste also contributes differently to GHG emission rates varying from operations in rural or urban areas [27] .
Climate co-benefits from reduction of organic wastes into landfill are recognized mainly through the decrease of methane generation and the methane capture and utilization. Home-composting or biogas generation is the primary alternative for organic waste reutilization [28] . Kurniawan, et al. [29] explored the use of Takakura Home Composting method to manage organic wastes at the household level in Surabaya, Indonesia. The study reported climate co-benefits of 3421 million tons of reduced CO2-eq emission per year. Nevertheless, poorly managed composting and biogas generation may contribute to GHG generation from semi-aerobic or anaerobic conditions [30] . The study found that up to 4 g of CH4/kg of wet waste and 0.3 g of N2O/kg can be formed in the deep layers of the composting piles. It should be noted that well-managed composting generally offers net avoided GHG emission [22] .
For recyclable wastes, various LCA studies demonstrate wide ranges of GHG emissions when raw materials are produced by recycled and virgin materials. For recyclables, climate co-benefits are generated by diverting recyclables from being landfilled and are recycled as raw materials. Eriksson, et al. [31] studied different MSWM scenarios in three Swedish municipalities and found that implementation of material sorting followed by reutilization of energy-rich wastes and recyclable materials is superior to putting all wastes into landfill in terms of GHG emissions. Overall, most separated wastes, i.e., glass, plastic, paper, metals, and aluminum, that enter into the recycling and remanufacturing system yield the least environmental impacts or even create positive outcomes for the environment by helping to reduce environmental impacts and GHG emissions [32, 33] .
Community-Based MSWM
Community-based management (CBM) is a bottom-up approach to solve problems where members of the community function as core operators. Efficiency comparisons between CBM and traditional models often found that CBM can resolve issues effectively with less burden on other taxpayers [34] [35] [36] . Employing CBM as a tool for resource management has been found in the fields of water resource management [37, 38] , forest management [39, 40] , community services [41, 42] , etc.
For solid waste management, CBM activities are employed for both regular MSW services and specific waste services. For regular MSW services, CBM members collect refuses from households, and sort and manage wastes [43, 44] . Specific waste services focus on certain types of waste, e.g., only accept recyclables for further recycling activities or only organic wastes for composting/biogas generation. In addition to promoting better resource reutilization, associated benefits of CBM in MSW are also reported such as rising incomes for CBM members due to better economy of scale and the reduction of health risks from random scavenging [45] . An example can be found in the city of Surabaya, Indonesia where it successfully manages organic wastes using a community composting system [29, 46] . Other examples include the recycling program by waste picking service of Zabbaleen group in Cairo, Egypt or CBM projects in Lusaka [44, 47] . In Thailand, CBM for MSWM are often chartered as "waste bank programs".
Program operators act as an intermediary in order to sell sorted recyclables at greater net revenues. Activities are often taken part in as a collaboration between waste generators and other entities that agree to host recyclables at their site (often at schools or community centers). Success of waste bank activities in Thailand has been varied depending on the social structure and political situation [48, 49] . Examples of community-based MSWM are provided in Table 3 . This study aimed to quantify and benchmark co-benefits of engaging in CBM of municipal solid waste reutilization with GHG abatement and reduced landfilling costs. Though the boundary of this study is within Thailand, findings from this research may also be applicable to other developing countries that may face a similar waste management situation. The objective of this study is to evaluate co-benefits in terms of GHG reduction and avoided landfill costs from implementation of community-based management (CBM) programs for municipal solid waste (MSW). The study also focused on demonstration mechanism at the local level and community involvement programs with operational waste banks. The efficiency of collecting recycling wastes can be increased. Similar systems can be applied to other communities in other countries.
Site Description
Targeted Study Site: Thumbon Phang Khon Municipality (PKM)
Thumbon Phang Khon municipality (PKM), depicted in Figure 1 , is a small municipality located in Sakon Nakorn province in the northeastern region of Thailand. The municipality is well recognized for its MSW reutilization activities.
PKM runs a voluntary MSW collection service that charges members 1.95 USD (Exchange rate: 1 USD = 30.73 Thai Baht) per household per year to receive waste collection service daily. PKM operates a semi-sanitary landfill with an oxidative pond for leachate treatment. At the time of study, there is no material recovery facility at the landfill but the municipality allows scavenging activities between 8:00 and 14:00 daily. The landfill is also contracted to accept MSW from other municipalities at the rate of 16.27 USD/ton, and 32.54 USD/ton if the MSW comes from a private entity.
PKM also facilitates two voluntary MSW reduction programs to reduce landfilling of MSW including:
 Waste bank program: PKM staffs collect recyclable wastes from 11 villages according to prearranged schedule by visiting two to three villages every Thursday. The municipality acts as a trader by buying recyclables, i.e., plastics, paper, glass, aluminum items, and metals, from waste bank's members and sorts these recyclables to increase the resale value. Finally, the municipality sells sorted materials to a recycling company. Transactions between PKM's waste bank and its members are settled in a credit system. Members and waste bank officers witness the weighting and sign in the transaction recording book. The members can withdraw their balances every Monday of the following week. The program, as an incentive, also provides around 160 USD funeral-assistance benefit to family members of whom pass away if two conditions are met:
(1) the member maintains a minimum of 16.27 USD in his/her waste bank account at the time of death and (2) the member sells their recyclables to the waste bank within the last month before his or her death. As of October 2013, there are 522 members actively participating in the program.  Organic waste reutilization program: PKM provides technical support to its residents by installing waste composting bins and household-scale biogas generating systems at a subsidized cost, and routinely visits the participants. Residuals from biogas generation and compost are used in rice fields and for other agricultural practices in the municipality. Chang Ming Sub-district Administration Organization (CMS), located within the vicinity of PKM, is an administrative area that is not qualified to be chartered as a municipality, due to its failure to meet the requirements of minimum self-collected tax revenue. The MSW collection service is on a voluntary-basis in which the subscribers pay 1 USD per month for a pickup of each 120-L trash bin on a weekly basis. The residents can also opt to manage MSW themselves. Despite being classified as non-municipality, CMS was selected for comparison with MSW characteristics from PKM because CMS service subscribers are mostly living in an urbanized part of the administrative area. CMS is the only urban settlement within proximity to PKM that does not officially promote any MSW reduction program at the time of this study. 
Methodology
Identifying Annual MSW Quantity from Household
Accurate estimation of at-source MSW generation is crucial for the evaluation of effectiveness in terms of MSW reduction activities. This study attempted to verify performances of MSWM from PKM and CMS. The unit of analysis was set as "an annual MSW generation of the town (W )" which is equivalent to
where Lf = quantity of MSW arrived at the landfill; Re = quantity of reutilized MSW by organic waste reutilization and the waste bank; = quantity of MSW missing from MSWM; i = Waste types, i.e., organic waste, plastic, paper, etc. The true value of , by its nature, is, however, unknown. An approximation of parameter can be estimated by comparing the accounted weight of MSW (W − ) against that of a top-down approach (W − ) which is calculated by multiplying Thailand's default MSW generation rate per capita to the number of populations receiving MSW service (listed in Table 4 ). The mass balance equation can be expressed as follows:
Duration of Data Collection for MSW Characterization
The characterizations of MSW from PKM and CMS were conducted on 28 and 29 October 2013 at the landfill to estimate the percentage of each waste type that arrives at the landfill. MSW was segregated until the volume of MSW was reduced to 200 L. The remaining MSW was then characterized on weight-basis using a scale readable to 0.01 kg according to the following waste types (i): organic wastes, plastic, paper, glass, garments, aluminum and miscellaneous wastes. The process was repeated three times for MSW of each town in order to obtain more representative samples. Percentage of waste type i in MSW (%Lf ) was then multiplied by the mean of MSW arrived at the landfill from September 2012 to September 2013.
The quantity of reutilized MSW through organic waste reutilization was reported by municipality staff who conducted regular site visits. The quantity of recyclables arriving in the waste bank, Re , was calculated based on receipts from selling recyclables to recycling shops during September 2012 to September 2013. It should be noted that the weight recorded in the receipts was matched to the record of recyclable waste taken from the members.
Quantification of Co-Benefits
GHG Emissions and Climate Co-Benefit
Assessment of GHG emission was conducted using the annual MSW generation quantity (W ) of each studied waste type .This study followed methodology used under Tier-1 guideline [22] . All emission factors used in this study were based on the conversion of emitted GHG into the unit of ton CO2 equivalent (GWP 100-years). Emission factors for landfilling MSW from organic waste decomposition waste obtained from Athitanun [54] while co-benefit from organic waste reutilizations (composting and biogas generation) were obtained from IPCC [22] . Climate co-benefit (Avoided GHG emission) was calculated based on the amount of raw material that was recycled, and the GHG emission savings, compared to emissions from the manufacturing of raw materials from the virgin source, as obtained from IPCC [22] and Browne, et al. [55] , listed in Tables A1 and A2 . GHG emission factors in transportation, Listed in Table A3 , and landfilling phases, listed in Table A4 , were taken from Thailand Greenhouse Gas Management Organization [TGO] [56] . For transportation, we assumed that travel distance of garbage trucks was based on the weight-km format and the collection fleet was assumed to operate at 50% of their full capacity.
The generic GHG equation can be expressed as follow with explanations given in Table 5 :
And, 
Scenario Development
To estimate potential reduction of GHG emissions and cost of landfilling under changes in MSWM practices, four scenarios were developed to illustrate net benefits. (See Figure 2) : (1) S1-Baseline scenario. In this scenario, most of the generated MSW is assumed to be landfilled. (2) S2-Current MSW utilization scenario. This scenario describes the current MSW situation with 3.56% of generated MSW diverted by the waste bank and 6.12% of generated MSW diverted by organic reutilization (assumed 50% composting and 50% biogas generation). (3) S3-This scenario assumes that a 30% reutilization rate, the national MSW reutilization target of Thailand, is achieved by boosting the organic waste reutilization solely. In this scenario, organic waste reutilization is assumed to increase to 26.44% of generated MSW while the rate of generated MSW diverted by the waste bank remains at 3.56%. (4) S4-This scenario assumes that a 30% reutilization rate, the national MSW reutilization target of Thailand, is achieved by splitting the 30% quota equally between diverted organic reutilization and diverted recyclables through the waste bank (assuming an additional contribution to meet the waste bank's 15% quota is made by increasing only the share of recycled plastics while other recycled wastes remain at the same percentage of S2).
Result and Discussion
Situation of MSWM in PKM and CMS
Mass Accounting
Based on mass accounting, the accounted weight of MSW (W − − ) is at 2534 tons per annum. This MSW arriving at the landfill (∑ Lf = 2288 tons per annum) and reutilized wastes in producing compost, bio-gas generation, and recycling by the waste bank (∑ = 246 tons per annum).
The result from the generated MSW (W − − ) calculation of the top-down approach indicated that MSW was generated at the rate of 2549 tons per annum.
From Equation (2), the missing quantity of MSW from MSWM system ( ), derived from the difference between W − − and W − − , was estimated to be 14 tons or 0.59%, which is slightly lower than W − − and assumed to be negligible since loss of MSW may occur during operation or through loss of moisture. Hence, the value of the unit of analysis was set based on the top-down approach as the at-source generated MSW. For PKM, the unit of analysis (W ) is 2549 tons per year. For CMS, the unit of analysis for at-source generated MSW(W . PCD [12] reported that 25.16% of generated MSW had disappeared before it was collected for further treatment. In contrast, 35.08% of generated MSW from CMS was not accounted for when MSW from CMS arrived at the landfill (mass flow of CMS based on the top town approach compared to the bottom up approach).The cause of missing wastes may come from an inefficient collection service or some recyclables is removed prior to the arrival at the landfill.
MSW Characteristics and Changes from Reutilization Activities
We found that MSW characteristics of PKM and CMS were consistent with Thailand's national average of waste composition for small towns in developing countries in South East Asia [57] [58] [59] . Impacts of the waste bank were observed in the reduction of recyclables at the landfill due to waste bank activities. From MSW characterization, recyclable components from PKM were consistently lower than those of CMS despite the fact that PKM is a more urbanized town and therefore should have higher recyclable content compared to that of CMS. Only recyclables that were not accepted by the waste bank, i.e., green glass bottles or food-contaminated plastic waste, were found in PKM's MSW. Overall, recyclables from PKM were found to be 4.34% of MSW arriving at the landfill in contrast to 15.35% of those from CMS. Table 6 suggested that organic waste was the highest waste type, followed by plastic and paper wastes. The percentages and trends of MSW composition, however, were found to change significantly in the last decade for both CMS and PKM. This was true for the composition of organic waste, paper waste, and plastic waste types. The percentage drop of food waste composition can be potentially explained by an increase of affordability for refrigerators as observed by Hoornweg and Bhada-Tata [8] . Plastic waste-mainly dirty or contaminated plastic bags-was, however, found to have an increasing trend. The organic waste reutilization and waste bank programs in PKM helped reduce landfilling of MSW. Separation of organic wastes also helps prevent undue quality deterioration of recyclables. This has been done through a monetary incentive scheme, which entailed a wide range of price differences between unsorted and sorted waste, e.g., 16 .66% higher price for newspapers in good condition and 18.75% higher price for clear glass as compared to mixed glass waste. Additional revenues as well as potential budgetary saving from engaging in MSW reutilization can also help increase co-operation within city administrative councils.
It should be noted that the efficiency of MSW reutilization in PKM was not equally distributed across all waste types. Easily recycled waste-types such as paper, glass, aluminum, and metal were recovered at a higher rate compared to organic or plastic waste, which were often contaminated. The quantity of recyclables sold per member, as shown in Table 7 , suggested that glass waste, paper, and plastic were among the most common materials in the recyclable stream.
Contrasting to a traditional belief that higher income level tends to correlate with lower level of participation in MSW recycling [61] , the results from Table 7 suggested that the waste bank members living in the more affluent area, i.e., Route D, sent more recyclables to the waste bank than the members in the less affluent areas, namely Route A to C. The success of PKM's waste bank program could also be attributed to the integration of a social dimension into creating incentives for reutilization by providing strong support from the authorities and through the involvement of waste bank members as evidenced by its high recycling performance. The recycling per member of PKM's waste bank was found to be very efficient in terms of kg of recyclable per member (shown in Table 7 ) compared to average community-based management activities (18.6 kg of recyclables per member) [53] . Puangsiri [62] conducted separate research on members of the PKM's waste bank and reported that members decide to participate in the waste bank because of the convenience of the curbside pickup service, funeral-assistance benefits, and recycling education from the municipality. The positive development of PKM's CBM can be attributed to PKM's curbside pickup service and recycling awareness, which other waste banks fail to offer. Findings from Puangsiri [62] were consistent with success factors found in other CBM activities in terms of strong public participation, peer support, convenience, and economic incentives as potential factors to sustain environmental-friendly service programs [63, 64] .
Climate Co-Benefits Analysis
Baseline GHG Emission
Under the baseline scenario (i.e., no implementation of any MSW reutilization activities (S1)), all generated MSW were assumed to be collected and sent to the landfill. The net annual GHG emission (GHG ) from PKM was equal to 1248.57 tons of CO2-eq. Hotspots were identified of organic waste decomposition (GHG = 1208.96 tons of CO2-eq), contributing 96.83% of total GHG . For transportation service, the averaged odometer readout from collection fleets indicated that the fleet runs approximately 79 km per day. In this scenario, GHG from the collection service (GHG Co = 21.76 tons of CO2-eq), contributed to 1.74% of GHG . GHG from landfill operation (GHG Lf_op = 17.85 tons of CO2-eq), contributed to 1.43% of GHG , which mainly came from fuel uses for equipment operation. There was no climate co-benefit occurring in this scenario due to the assumption of no MSW reutilization and exclusion of scavenging activates in the landfill.
From Figure 4 , baseline carbon intensity of GHG emissions ( ) was 0.47 tons of CO2-eq per ton of collected MSW. When PKM's CI was compared against CI from other towns, we found that PKM's CI was lower than CIs from other towns with similar size, i.e., 0.67 tons of CO2-eq per ton of collected MSW in Muang Klang municipality [65] or 0.73 tons of CO2-eq per ton of collected wastes in Nonthaburi landfill [66] . A logical explanation could be derived from the simplicity of PKM's MSW collection system as well as low commuting distance between the town and the landfill. 
Current GHG Emission and Climate Co-Benefits
Under the current MSW reutilization practice, net GHG emission (GHG ) was reduced to 1040.04 tons of CO2-eq (16.80% reduction as compared to S 1 − GHG ). CI in this scenario was reported at 0.39 tons of CO2-eq per ton of MSW. The primary sources of reduction in GHG emission were from MSW reutilization activities where organic waste reutilization through composting and biogas generation (GHG _ ) was responsible for a 9.67% reduction of S 1 − GHG . GHG saving from the waste bank operation ( GHG _ ), by replacing virgin materials, equaled to 7.31% reduction in S 2 − GHG as compared to S 1 − GHG . Based on the current recycling rate of the waste bank, recycling of paper and glass wastes led to the largest reductions in GHG emissions due to their large quantities as well as the large difference between GHG emissions produced from raw materials and that from virgin and recycled sources. Net GHG emission from transportation (GHG Co = 22.83 tons of CO2-eq) in this scenario was higher than the GHG emission from the transportation phase in the baseline scenario. Therefore, climate co-benefit from transportation was not recognized in this scenario. The cause of increased GHG emission was from additional vehicle use in the waste bank operation, which was an additional 40 km drive on a weekly basis. Nevertheless, net GHG emission within the disposal phase was reduced to (GHG Lf_op = 16.01 tons of CO2-eq) as reutilized wastes were diverted from the landfill.
Potential Reduction of GHG Emission and Co-benefits
Under the hypothetical situations where 30% MSW reutilization rate were achieved ( 3 and 4 ), the benefits of recycling were pronounced because they were able to reduce GHG emission significantly.
In the 3 scenario, the net GHG emission (GHG ) have been reduced to 650.49 tons of CO2-eq (47.60% reduction from S 1 − GHG ) and CI in this scenario was found at 0.22 tons of CO2-eq per ton of MSW. Primary contributor of the avoided GHG emission could be attributed to the reutilization of organic wastes (avoided 482.78 tons of CO2-eq compared to the baseline scenario) while the contribution of the waste bank remained at the same level of 2 − GHG Re . In the collection and landfilling phases, GHG Co in this scenario was at 17.87 tons of CO2-eq (17.88% lower than that of 1 − GHG Co ) due to the reduction of collected MSW to the system. The advantage of prioritizing organic waste reutilization was that the reutilized wastes were not entering into the collection service. This helped lower GHG emission. Avoided GHG emission from landfill operation under this scenario was also reduced by 30% as compared to that of 1 − GHG Lf_op .
In the 4 scenario, the net GHG emission has been reduced to 386.56 tons of CO2-eq (69.04% reduction of S 1 − GHG ) and CI in this scenario was found to be at 0.12 tons of CO2-eq per ton of MSW. By boosting organic waste reutilization rate to 15%, avoided GHG emission was attributed to the reutilization of organic wastes (avoided 280.17 tons of CO2-eq compared to GHG emission from landfilling organic waste). For the 15% quota of boosting the reutilization rate in the waste bank, we set the scenario in the way that we held the reutilization rates of all recyclables, except the rate of plastic waste that was expected to raise to meet the 15% quota, at the rates found in the 2 . We rationalized this assumption based on the abundance of plastic waste at the landfill (see Table 6 ). The result indicated that avoided GHG emissions from the waste bank in this scenario was increased to 584.37 tons of CO2-eq. Puangsiri's study [62] on the attitude toward enhancing PKM's waste bank also pointed out that PKM waste bank's members realized the potential of boosting plastic waste recycling. For collection and landfilling phases, GHG Co in this scenario was 1.24% lower than that of 1 − GHG Co due to the increase in the waste bank's operation. Avoided GHG emissions from landfill operations under this scenario were reduced by 30% as compared to that of 1 − GHG Lf_op .
Co-Benefits for Saving of MSW Services
Data from the feasibility study report for the construction of the PKM's landfill reported that estimated cost for landfilling 1 ton of MSW is approximately 7.41 USD (adjusted to USD's 2013 value). However, if landfill space can be used efficiently for non-recyclable waste instead of all wastes, the municipality can receive additional profits from accepting the MSW service fee from other municipalities (expected profit at 8.86 USD of every ton of accepted MSW). Under the baseline scenario, we assumed that generated MSW from PKM (W _ = 2549 tons per year), we calculated that PKM would spend 18,884 USD annually for landfilling MSW and that also the loss opportunity would accrue to 22,584 USD from service landfill space to other municipalities. Within the current scenario (S2), we expected that PKM were able to save 2181 USD and reduce the landfill cost to 6.55 USD per ton of generated MSW. In the scenarios where the reutilization rates attained the 30% reutilization target (S3-S4), we estimated that the financial co-benefit could reach 6777.13 USD per year, reducing the landfill cost to 4.75 USD per ton of generated MSW.
Conclusions
This study provides some important lessons. CBM activities have been proved to provide the co-benefit of a reduction of financial burden for administration and operation from the minimization of landfill for MSW and the generation of income from sales of recyclables from CBM members. Another benefit from CBM is the lowering of GHG emissions in non-landfilling scenarios compared to the completely landfilled scenario. Findings from the study suggested that key success factors may stem from the synergism between curbside recycling services, community-wide collaboration, understanding of benefits from recycling, and fair pricing of recyclables purchased at the waste bank, which help to sustain participation in CBM activities.
Key findings derived from the case studies suggested that MSW reduction through CBM activities can potentially be extended and implemented in up to around 50% of residential communities in Thailand and South East Asia, where populations still reside in rural/peri-urban settlements [67] . Organic waste reutilization programs e.g., composts and residual from biogas generation, are highly applicable to the agricultural-based society and peri-urban/rural settlements as the majority of MSW characteristics are organic-based waste types [8] . When settlements become more urbanized, the demand for home composting or biogas generation may diminish due to changes in lifestyle and economic activities. The importance of waste bank functions of a CBM program may be higher due to higher recyclable contents in the waste stream. For organic wastes, it is likely that a more advanced model of MSW recycling may be more suitable, i.e., refuse-derived fuel produced by mixture of plastic, garden, and paper wastes, or large-scale anaerobic digestion system for food and organic wastes.
Although widely used MSWM methods i.e., landfill or open dumping, may have relatively lower initial investment costs, in the long run these methods can incur expensive operating costs as well as produce significant adverse impacts on the environment, particularly climate change. Therefore, the association of climate co-benefits and the ability to save public funds through MSW reutilization should be promoted widely, in order to raise public awareness, provide clear benefits, and create incentives for comprehensive waste management for citizens nationwide. 
